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I. Introdnction -

‘ The Radio Frequency Tast Console ie a precision transmitter- ‘
receiver a-ystem. , m syetem input is a complex baseband spectrum,

‘I'he tra.nsmittar su'bsystem yields a 50 mc carrier, angle modulated

(PN or FM) as a ﬁmotion of the modulation spectrum. The transmittar
output is 1inear1y summed-uzth band limited gaussian noise. The '
noise power gle_nsity‘ and‘ noise bandwidth of the noise source is
calibrated. ‘The linear signal to noise Suﬁmer exhibits 100 DB

dynamic range of signal to noisé ratios in 0,1 DB increments. The
receiver subsystem is comprised of a phase lock PM receiver, phase

lock FM receiver and conventional FM receiver. Further, the trans-
mitter includes an amplitude modulator and the PM receiver a coherent
amplitude dgmodnlétor. The system simulates the spacecraft and DSIF
transmitting and receiving subsystems for the purpose of accurately
testing developmental modulation, coding and synchronization technigues
for application to future telemetry, command, video and ranging systenms.

A. Progran Goals

The Phase I program goals are outlined in the Statement qf
Viork and JPL Spec. GPG-15062-DSN. Briefly, the phase I effort was
organized as both a study program and a design and fabrication effort.
The design program included the design, fabrication and test of the
Linear Signal to Noise Surmer. The study portion of rhase 1 iﬁcluded
a design study of the P.M. Transmitter, P.M. Receiver, Phase licise
Instrumentation, F.M. Transmitter, F.li. Receiver Test Plan and Test
Instrumentation. The output of each study includes both a design

plan and unit specifications fér the Phase II design and fabrication

program,
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The enc.ié‘sféd report is a swmary of the study work and Linear -
Signal/loise Summer Gevelopmeni completed for the Jet Propulsion
Laboratory on contract number 9501LLi. This report covers the work
performed in the peried {rom March 196l through larch 1965. The
objective of ‘he phasc 1 program was to preparc the design plan for
ﬁhe FI/4 Sub~Systcm, the PM/AM Sub-Systerm and to desipgn and fatricat
the Lirear Signal to Joise Swmer. The work has been completed and the
results achieved on the Linear 3ignal tc ilioise Sumrier meet the rigid
performancc gﬁals estalblished at the start of the pregram. Dach rerticn
of this work is documented in appendices A through K. Thesc repcrts
form a rart of this final rcyort but are suomitted as separate decurment-.

The following individuals were the prircipal centributors to this

progrom:
*e . Vaughan E. I'. Usborne
G. 5. antuistie . D. Hedges
J. L. Sundry S. J. Andrzejeuski
A. C. rrey J. B. Siviley
F. . Trenkle Ko W, Onith

v
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B.  SUMMARY AND CONCLUSIONS

Cfg; design and development of the Linear Signal to Noise $mmneﬁ in

the phase 1 program fésulted in a aystém of equipment which met or ex-

ceeded the rigid performance goa%glestablished at the start of the pro-

gram. ﬁ%eﬂprincipal design parameters, design goals, and test resulté?

are listed below,
Pgrameters
' 3/N Dynamic Range

Absolute Accuracy

Signal Power Sta-
bility

Noise Power Sta-
bility

5/N Ratio Sta-
bility

Spectral Density

Perfbnmance Goals

0 to 100 DB

+ 0.3 DB over 4 hour
period

+ 0.1 DB over 4 hour
period

1'0.1 DB over 4 hour
period

Constant within +
0.05 DB From 4B to
52 Mes.

sm——

0 to 100 DB

LO samples from 250,000
population, 95% confidence
that 95% of all settings
within + 0.155 DB

1 0.013 DB 4 hour period in-
cludes both signal and noise
power stability

less than + 0.05 DB, 48 to
52 le.

The original criterion outlined by JPL representatives was that work on the

P}/AM and FM/AM Sub-systems would not be started until the feasibility of

the Linear Signal to Noise Summer develomment was verified.

design and development of these other Sub-systems may now be initiated since

the feasibility of meeting this criterion has been documented.

'The study portion of the'?haﬁe\lteffort included an investigation and

compa:ison of a Locked Oscillator Phase Modulator and a Deviation Multipli-

cation Phase Modulator.

The Locked Oscillator Phase Modulator investigation

Therefore, the
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inciudea gcvorul loap designs The loop design ‘selected, exhlbits a
cloeed transrer gunctlon whoae sroup delay is constant (linear phase)
over the hasebnq:} The, requirod filtering, phase response and out of
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‘Jx'

band rejentIGn charatteristacs of the conventlonal Deviation Mult1pli-_<

catlon Phase Hodulltor are~severe. The stringent spec1f1catlons impose

de51gn problems on both units;" however, ;he Locked Csclllator Phase
Hodulator is recammcnded for fabrxcatlon on the following basis:

1. Simplicity '

2. Superior Phase Response

3. Adequate Spurious Rejection

L. More Applicable to a Combined PM/FM Modulator.

éi&f design study also includes an iﬁvestigation of the require-

menﬁs of the PM Receiver, FM Transmitter, F} Receiver, Phase Noise

Instrumentation, Test Plan and Test Instrumentat10n.§ The P. M. and
PSS
. M. Receiver investigation yielded a detailed block diagram and the
dynamic range of noise and signal'power levels from input to output.
The linearity, noise figure, bandwidth, limit levels, oscillator sta-
bility characteristics are included.

The F. M. Transmitter study yielded a multiple loop system for
the AFC mode. One loop is organized to transfer the linearity of the
discriminator to the VCO within the consﬁraints of the AFC loop para-
meters. The second loop (AFC loop) references the carrier frequency .
to the system master clock, This arrangement decreased the range of
applicable modulation indices originally requested but this is required

in order to meet the.residual F.M. specification.

The Test Plan and Test Instrumentation Study included an investi-
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gation‘of,eggﬁ%ﬁﬁui'réquired to correlate system performance against

. the system apeciﬁicatiéga

The limited experimental effort included an investigation of pre- -
cision VCO short termfstability. The 1-H(5) transfer function of the

carrigr_pracking>loep with 2 BLO of 3.0 cps was simulated, The result-

V ing filtered phase noise of two locked oscillators was experimentally

determined. The results indicated that the minimum value of 2 BLO must

be 3.0 cps or greater to constrain the RI’3 phase noise to one degree.
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A functionsl block dﬁgram of t.he RF Test Console is shoun in
i figure l.: The principﬂ. sﬁbaystgms include 1) “Linear Signal/Noise ;
F’Smmer SuSsysbem 2) PM/AH Subsystem 3) FH/AM Subsyst.em iy Frequency
'.Synt.hasuor Subgystem a.ndS) 'res_t Instrmentation Subsystem .

A brief system review follows., The Linear Signal/Noise linearly
sums noise power, with accurately known noise bandwidth and noise power
density, with an angle modulated carrier (either PM or FM), Further,
the S/N Summer is capable of providing accurately known S/N ratios over
a 100 DB dynamic range in 0,1 DB increments. Provision is also made
to similtaneously amplituds ana angle modulate the carrier, The.noise
spectrum is centered on 50 mc and the unmodulated carrier is 50 me,

The PM baseband extends from DC to 1.5 mc with a peak deviation of
four radians. The FM baseband extends from 3.0 cps to 500 KC in AFC
mode and DC to 500 KC in non-AFC mode, The AM baseband extends from
DC to 5 KC with + 50% modulation,

The PM/AM Subsystem consists of a Phase Modulator, Amplitude
Modulator and Phase caherent Receiver Further, provision is made to
measure the phase noise of the receiver locked oscillator, The
demodulated baseband is the principal receiver output; however, the
baseband is also centered on 5 mc for predetection recording. The
predetection playback (centered on 5 mc) is up converted to 50 mc and

may be substituted as a receiver input.



~ The FM/AM Sﬁbmhem consisba”fof p.' Frééu"eney Modulatof that is
operable ‘oit.har with or without AFC. A phhse lock FM meiver and
ébﬁvent.ioml diaci‘imiﬂt‘tdt 1)1 recoiver conat.itut.o a portion of the .
 FM/AM Subayeben. Replasesble inout. and oubput filters are provided
}.to test- the system at various noise and mformahion bandbudt.hs. The

- freqmncy synt.hasizer providea all t.rnnsmitt.er ard test fmquomies.

t'“

(‘&;» 3 s

Each frequency is coherent with a 1 mc precision sbanchrd. The amplibu’ds

modulator mey be cascaded with the Freqmncy Modulator to provide
ainmltamous FM and AM, Note however, that the‘S/H Swmer servo
controls the noise power against. the 50 mc modulated carrier. If
the total power af the tmnodulated carmer changes with modulation
the resultant signal to noise ratios will be in error. Therefore,
the amplitude modulator must be located between the carrier refarence
splitter and the signal atteauater.

The Test Instrumentation Subsystem provides a means of measuring

the suppression of the angle modulated carrier, All auxiliary test

equipment either purchased or fabricated is included in thig subsystem,

B. Linear Sipgnal/Noise Summer Subsystem

The deteiled results of the Linear Signal/Noise Summer design

fabrication and test appear in Appendix B of this report, The

following constitutes a summary of that task, The S/N Summer specifica=-

tions are listed as follows:

1., S/N Dynamic Range =-==-e-meemccecccme-- 0 to 100db

2, Absolute Accuracy ~-es=-ce-ccewmeoo-o * «3db over L hour period

3. Signal Power Stability - % .1db over L hour periocd

L. Noise Power Stability —--eeec--o--a-e- + .1db over L hour period
-6-
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7. Power Monitor
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{
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45 to 55 mc + .05 ddb
Linear up to 50—
Res~lution better than
.05db + .1db uncertainty.

The S/N Summer block diagram is shawn in Pigwre 2,

A

. (o S
NO‘SE‘ \c,st! Norar S db - “’“Ej}"“‘f,
SOuncg{ AMD F\\_‘T‘ER) }Coup\.:a A?"\’?N-‘v
1000 L ) s
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Figure 2, Simplified Block Diagram, Linear

S/N Summer
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The S/.N Summer coneists of a gaussian noise source and‘so ""'c‘“.ﬂ!ilor' ' .

b

source, 'I'he ‘nbiaue Souica‘ out.pixt (¢« 20 & exodss ‘noise) is»-’upliﬁ;ad

and band liniead by tﬁd noise ampliﬁer and noise filter reapoct‘lvaly.'

The band nmihed noise is umpled (15 db coupler) and chopped at 1 ke.-

The bolomet.er outnut eonsiste of a1l kc fundamental whose magntude isg_':_; o
1 a function of the norlse power The 50 me carrier source is processed
similiarly. The msulbanb l kc tones (one a function of noise power,

the other a function of carrier power) are nul}.l detected, The re-

sultant error controls the noise power. The noise source is refereticedﬂ»:
to the s:,gnal sr.mrca sueh that changes in hhe sigxal source are not:’ ‘
reflect.ed u a changa in signal t.o noise ratio but rather as a cbatxn
"in absolute signal and no.tae power. ‘ Conversely, changas m the mm
.gource are coupenaabea within the conatraints of the loop gain, ST
bandwldth etc. Tho mdorit,y of the 100p gain is cont.ributed by hha -

1 ke amplifiers and is nob sudb ject to D.C, drift. 1 o ‘; :

The mjorihy of the nnise power (coupler output) is unearl;f

‘Md wibh the' earrier. Precision abt,ermabors (dmmic ra.nge 0-60 dh
",1!1 0.1 & Hms} are prpvided in both the signal and noisa channela. .
'fho aumnr ont'but signal to noise ratio is variable over a d:vm‘llclwf‘ B
._?f.ab least 100 db in 0.1 db increments., The Null Detector and 1 ke
amplifiers are & modified version of the Weinschel Dual Channel Inaer- L
tion loss test set, The Precismn Atbmuators are. Weinachal .

TR R SLCWR . g P AN AR R 6
The attenuator calibration is referenced to the Bureau of Standardse

1. S/N Summer Components

[ o P
o, Molog Source B

The noise power density is a function of the noise source



chauctaristica and the paasband churacberiatics of the noise t‘il‘
‘ and noiue amplifiar._ The noise source vendor, Rhode % Svarts, of
X-hmchen Gemrv, *M&ially meusumd bt;e nnise power doﬂaiby by a
E fmquancy mnalat,ion techniquo. Tho mne domiby tests lm'e mde
", over the. mtm fm hS mc to 55 me in 1.me :lmremms in a det.ec-
tion bandwidth of 1 ke, Further, the spectrum was tested from 50,00
to 50,01 mc in 1 kc increments in & 200 cps detection bandwidth and
from 50,000 to SO 001 me in 100 cps incremsnts in a 6 cps bandwidth,

The test set for the 6 cps mrement.s is shown in Figure 3.

ym: CONT.  XTAL Cg:w
rIOCAL rﬁ;chu

B 10sciratox {Oscn,\_ama
. v v ‘. e . - " ‘. !
— : ~ 21 Ame] oZke |
i AmpLi e MixeER *'-31 Mixer —-‘"‘!F&MPL\FWR

A-£- . BW-gokt . BW:= ke

FREQU!NCY

OTANDARD ]
N— CwAart 10K
UETECTOR Mixer r=
Recorper

LOCALE

QeciLLATR
-

XTAL CanN.

Figure 3, Spectral Density Test Set-Up
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!h. tasb resulbs ars shown 1n.Figures h, S, and 6. ,

Frun thrresulbs shown in Figure’ '6. it appears that the power
densihy’falls oubﬂide the raQuirad specification of + 05db; The data
is inconclusiva 1n bhab an insufficient amount of tima une alloted to
acquire a maaauremant ab any one rrequency. In this test Jet-up, tha

. "detected output wes recorded on a strip chart, After a given period
of time the chart recording was graphically integrated to get the mean
value for that frequeﬁcy. (The required measurement time necessary to
insure 95% confidence with a + OSdb tolerance is approximataly 16 hours
for each fraqunncy ab this 6 cps bandwidth. ) Although it is not knowﬁ ‘
exactly 'uhat tm was allohcd for this st it is known that the inte- 4
grablon time was 1nsafficienb, This was mot a problem at the wider
bandwidths for more points could be sampled in a shorter period of
time. Therefore, at the higher bandwidths the readings were moxe
accurate, Based on the results aof these two tests (i.9. 1 kc and 200

cp dst ection‘banduldth) and the fact that the 6 cps banduidth readings

I : were Spread aboutb zero, the Rohde and Swarts unit was selected as the
o rrndise'gource; Subsequently, the JPL cognizant engimeer recomended an
I alternate noise power density test as an extension of the scope of

work, The results of this effort are summarized in Section G of this

”

Report.

st;{"-,','-»i‘—’_/iat.-‘;" ety w U "\‘%%”:wmaﬁlf# RS T NARERLE
The noise amplifier was purchased from RHG Electronics. The

amplifier was fabricated in two sections, a preamplifier and power

'_i, L amplifier, Each amplifisr has a 3 pole Butterworth response. The
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' ..premﬂier ‘has 10db of gain oonml. Tho noiae figure 1s 3db ard poaer’, :
S o . -gain 115db reduced to 112db b; Y 3db pad beman the prea-purm and
o poser- cnplifier. The linnarity of ‘the amplifier is shown in Figure 7.
Tha.third nrder intermadulation of two tones (2f1-r2) and the resulting)

' vproducts that £all within the passband were measured at nominal power
output (+ 10dbn) and 6db above and below nominal The resulting pass-

band intermodulation power is indicated by Table I,

Nominal Cutput + 10 DBM

Llime 50mc Séme
6DB above nominal Ref, Ref. ~320B
nominal Ref, Ref, ~45DB
6DB below nominal , Ref, Ref, -570B

Table I, Noise Amplifier Intermodulation Data

The passband intermodulation power contribution is 1/1000 the

v

fundamental,

c. Noise Filter

A five pole Butterworth noise filter was synthesized with

the following characteristics:

(1) Passband L6 to Sk me . o
(2) Ripple in passband + 0,05DB «
(3) Insertion loss 0.85DB

(L) VSWR 1.1

The filter was fabricated and the out of band rejection plotted as
shown by Figure 8 The inband resoonse was measured w1th the delnschel
A A N i LT S Bodn e Pl W 2N T O YRR Nk T R YRR IINSRRTR

Dual Channel System (rasolutlon OlDB) and is illustrated by Plgure Qe

The noise bandwidth was computed by graphical integration of an

expandad response ourve and famind to bha 1'(-(% me.
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The noise filxer,and noise amplifier were cascaded and the overall
reaponsa rebeated at naminal noise amplifiar AGC voltage. The Noise
Am;lifzcr/?ilter continuation 1nband responss variation vas measured

to be ﬂlthin + 0.050B from Lh.6 to S3. 6 me. The resilting resoonse

is shown in Figure 10,
2. 5/N Summer Test Results

a. Test Results
The Linear S/N Summer was tested in accordance with the requirements

JPL Spec. GPG-150AZ-DSN par. 3.5.3. The following test measurements were
conducted:

(1) Noise Amplifier/Noise filter frequency response

(2) Intermodulation

(3) Linear Summation

(4) Average S/N Accuracy

(5) S/N Repeatibility
The noise amplifier/filter frequency response tests were discussed
earlier in this report. Aside from the intermodulation tests performed
on the noise amplifier referenced earlier an intcrmodulation test

of the S/N Summer noise channel was condicted., The results of ‘that

test are shown in Table II.
Input Frequency f, = 50 MC at -5 dbm
Input Frequency fo = 53 MC at -5 dbm

I AR S O Pl I o R R -

(21'1 - fz) - h7 Me

l Nominal Output -2 dbm

- 19 -
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R K L5335

—— oM 53K e
Nominal | -5 dbn «5 dbm 30 db dowmn
3db Above Nominal : =2 don -2 dom 30 db down

6db Above Nominal +1 dbm +1 dbm 26 db dmm
Table II. Noise Chamnel Intermodulation Test Results

As shown the inband intermodulation components of the composite noise
channel are SDB higher than the intermodulation components of the
noise amplifier alone,

A verification test of the linear summing at the output of the
S/N Summer is shown iﬁ Figure 11, The output of each channel was
adjusted for equal power levels, then with the linear S/N summer operat-
ing in its normal operating condition of closed loop, each chaﬁnel wasg
separately varied using the precision attenuators and the change in
output power was recorded. The change in power output was compared
with the theoretical change to get a measure of the linear suming,
These readings are shown in Table III,

For the average S/N measurement, the linear S/N Summer was set up
as shown in Figure 12, With the measurement system connected to the
output of the summer as shown in Figure 11, the power level of each
channel was adjusted such that at the oubput of the amplif1er in the
T e e T IR e e RN SO S R
test seb-up, the Signal Power P was lﬂdb down from hhe N01se Power P .
At the output of the summer itself, the Noise Power P, is 20db greater
than the Signal Power Pa because the bandwidth of the noise channel is

15 MC whereas the test amplifier bandwidth is apnroximately 1.5 MC.
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The resulting Pniancig at; the ge,ﬂséi‘gip1mer output was ~10 dtm and =20 ‘
dbm resﬁécbivaly. All'pbasibie éoﬁbinationé of S/R,Rabios with the above = -
sat-up are dl&blayad in the matrix shoun in Tdbla IV.
In the neaauremant aeb-up, the coﬁbination of the attenuator and E

amplifier A had the range of O to 30db of sttenuation. That is, ‘for A
set at 30db, Pn = .10 dbm and Ps = .20 dbm; for A set at Odb, Pn = +20 dbm
and P, = +10 dbm. The matrix was divided into i quadrants such that;
in quadrant I, A was set to 30db of attenuation; in quadrant II, A was
get to O for the signal attenuator (SA) settings and 30db for the noise
attenuator (NA) settings; in quadrant III, A was set to Odb for the
MA settings and 30db for the SA settings, and finally; in quadrant IV,
A was set to Odb for both the NA and the SA settings., In the above
mammer, it was possible to test every possible 5/N setting.

‘ With the range of 50db for each attenuator and the smallest increment
of each of ,1db, there are 500 possible settings on the NA and the SA
or in combination 25 x IOh possible S/N settings. Since this was
virtually impossible to test in total, random settings wers generated
in each quadrant and a total of 10 readings were taken from each quadrant

plus the corner settings of each, i,e., 0,0 - 0,0, 0,0 - 50,0, 50,0 - 0,0

and 5000 - 50000

o From Eﬁeafesults Sfthege. fests, the men, variances. and:sbandard..ic.ssss ©axy |
tﬁ, deviation of each quadrant was calculated. These readings and callula=-

l tions are shown in Table V. By comparison, each quadrant was found to

be 2 sub_5st of Ui LuLal population, and a mean, variance and standard . .. = ..

deviation was calculated for all the readings. From this mean and
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¥ The power levels indicated at the beginning and end of the quodrants
of the signal attenuator row and noise attenuator column are:
(1) the power levels at the output of the summer relerenced (o ilis
1IMC bandwidth of the amplifier A, and (2) the power lsvels into
the bolometer.
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standard deviation a 95% confidernce interval with 5% tolerance limits
was applied and it was found that o thore than 5% of the readings would
fall outside of * .155db. S

N = U5 Readings
Z Xa = 1,51

X « ,0336db
é xZ - Nx®
v o= .00L2
T = 065

NVyar

Therefore with 95% confidence that 95% of the readings fall within

the limits:

X + K (,065) X X + K (.065)

-.03h + (2.01)(.065) X ~-,034 + (2.L1)(.065)

-.190db ¢ X = + ,123db

The repeatability was tested by selecting eight S/N settings which
utilized as many of the attenuators inside the precision attenuators
(NA and SA) and repeating these S/N settings contimually at a random
rate over a four hour period. By using only eight S/N settings, it was
- possible to:repeat sash setting thidtesn times for a totel of 104 read-
ings. In order to cover a wider range on both the NA and SA, the 20db
pad was removed from the signal channel such that the signal level
equalled the noise at the outout of the summer when both the SA and NA

were set at the same setting. In order to eliminate as much drift and
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instability in the tasb Qquipmnt, the test ampliﬁer wag removed and
the readings were mde ab tha noise bandwidbhs or 15 HC with a test sat-
up similar t.o that of Figura 12. V

The data compiled for this measurement is shown in Table VI.

The largest difference in readings for any one setting was ,023db,
This data was analyzed and the mean, and standard deviation for each
of the eight readings was computed, The 95% confidence level at 5%
tolerance limits was applied to each of these settings to get a measure
of S/N setting repeatability, In the worst case it can be stated with
95% confidernce trat no more than.5% of the readings would repeat out-
side + ,02Ldb. The calculations of the mean, standard deviation and
5% tolerance limits are shown at the right of Table VI.

Each group of the eight S/N settings was treated as a subset of
the total readings. A mean and stendard deviation was computed for
each of these subsets, These calculations are shown at the bottom of
Table VI, The off-~set or mean for each of the set of readings was

found to be an error in the setting up of the initial conditions. That

~is in setting the signal power equal to the noise power by f irst sett-

ing a reference level in the measurement system from one of the channels

and then duplicating this reference rran the other channel. 'I’he problem . . .

ST R BTN VA SN

“'appeared to be distartion .’mtroduced by the 1ooo cps modulator for

vhen the two channels were balanced using a power meter, a different
mean was achieved, This is a atatir off.set wvhich croabsd no pruliem
other than operating abrut some value other than sero. The relation

between S/N settings was unchanged for different off-sets.
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: "vif.h a varum @:1573.?‘1 10-5 M u mmhrd dwi.stion at .M;. - From

this data it can then be stated that with 95% confidence and 5% tolerance
linits, the system would not drift more than + .013db, This

includes the drift of the mesasurement system and is well within the
specification requirement of + 0,1db/i hour period far the signal power
and + 0,1db/1 hour period for the noise power,
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bQ Conclusion _ ,

_ The test results of the Lineer 5/N Summer satisfy all of the
speciﬁcatic;z‘ij xr'béquir.eu;ents' outlined in paragraph 3.5.3 of the JP'L
Specification GPG-15062-DSN, Using random sampling techniques, LO
S/N Measurements from a population of ZSO,bOO S/N settings were made
and found to be accurate within + ,155db. The specification calls for
+ .3db over this 100db dynamic range. Repeatability over a four hour
period was measured to be between ,0l1 and .02Ldb, The overell drift
of the Linear S/N Summer is + .013db compared with the specification of

~ % 0.1db each, for the noise source, the signal source and the power
monitor,
The frequency response of the noise channel was measured at
room temperature to be flat within + ,05db from Li.6 to 53.6 mc,
c. PM/AM Subsystem

The PM/AM Subsystem as outlined in Figure 1  consists of
a FPM and AM Transmitter, PM Receiver and Phase Noise Instrumentation.
The applicable appendices are listed as follows: 1) Appendix D,
Locked oscillator phase modulator 2) Appendix E, Deviation Multiplica-

tion Phase Modulator 3) Appendix F, PM Receiver L) Appendix G, Phase

. M R N - The following sections .of .the. $inal report. s wsmrrwmer
constitute a summary of these appendics. Note that two appendices épply
to the Phase Modulator amd that the locked oscillator Phase Modulator

is recommended far the K., Test Console,
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'éi D ,‘; Summary

| Design parameters which énable linear phase modulation

' of a locked oscillator by complex video signa.la are established by

l analysis, The driving signal is summed with the phase error to

' deviate the locked oscillator as outlined in the block diagram of

Figure 13, thereby producing a PM output at the carrier frequency.
The analysis indicates that the system is feasible

provided that (1) a phase detector with a linear 7?2; transfer is

implemented. (2) The linearity and time constant of the VCO is adequate.
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dv ;ﬁ %ha feedbac}: channal
Q,t.o canpress mfﬁhanmmn sppiied: bo the phaaa to within 15

'Alinear ragien.‘ h) 'Ehe loop filter F’ (S) is aptmized with | 7
;":'3: regard to re;ectiaa of phase dstactor hnrmaamcs, amplibude and phase T e
response of tha baseband modulation.—

r , b. pPhase Modulator Requirements

The Phase Modulator requirements are summarized as
i follows: .
Co (1) Summary of Specifications
i (a) Transmitter Center Frequency S0 MC Manually
Tunable + 500 cps
', - | (b) PM Modes Sirmultaneous Narrowband/large
modulation index plus wideband/
small modulation index operation
l (c) Frequency Stability Short term 1 part in 10 /minute
' ' Long term § patrts in 107/h hours
l (d) Frequency Response ‘1 0.1DB from DC to SO0 KC
' + 0,5DB from 500 XC to 1.5 MC
(e) Phase Deviation at 50 MCS  Narrowband Spectrum + 3
rad. peak
Wideband Spectrum + 1 rad
’ peak
(f£) Phase Stability 1 Degree RMS phase error in
- . o TX/RX pair in 2 BLO of 3,0 cps
(g) Fidelity Two tone tests of TX/RX pair

- - . OR ikt - AT, TR T
|M‘m T G e SR RN, RS A aﬁndnmth 1,0DB below modulated
carrier or SODB below urmodulated

: ' carrier
I (h) Deviation Linearity consistent with linearity
o L S —— S - req,giramnt T Toede T e EEE T G e e BT LR EEe—
[/7 ’ R (i) Incidental AM - consisbant fidelity requiréments
K & = 3!‘ = I

- T L 5 <. WA 5
e ieme s . g - PeS PID 8,7, kT [/ py % G I s g Gl L B

B T o DI v RIIET ol ik SNSRI e AR % = LS
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(2) Analysis of Requirements
" (a) Peak Freguency Deviation
The Veo and driving amplifier must have &

linear dynamic range of + 2,0 mc at .50 mc output -
~ frequency, ‘

(b} Spectral Weighting of Modulation Signals

. The amplitude levels of the narrowband and
wideband modulation spectrums are weighted such
that the peak narrowband deviation is + 3 radians
and the wideband peak deviation + 1 radian. The
total compoaite phase deviation Ts + 4 redians,

(c) Fi.dality Reqnireunts .

. The Speeification references the TX/F.X pair
Equal degradation is sllotted the TX and RX.
The inband TX intermodulation amd spurious objectives
is -46DB and ~-56DB with respect to the modulated
carrier and ummodulated carrier respectively.

(3) Summary of Design Objectives

(a) Loop Characteristics

(1) open loop, €DB/active slope of open loop
gain over baseband

(2) closed loop amplitude response + 0.1DB to
0.5 MCS and 0.5DB to 1.5MCS.

(3) -50DB rejection at 25 MCS
(4) <~56DB spurious and inband intermodulation

(5) peak phase deviation L rad.

(b) vco
(1) Peak frequency deviation + 2 IiCS
(2) sensitivity 5.6.30™° Sycls
volt sec,
(3) Linearity 2%
(L) Q ~ 12,5

- (5) Output carrier frequency  SOMCS

- 35 -




(c) Phase Datector

‘ Eo : : -
) o e, trans!‘er Linea_r
(2) Linearity . 5% (1 radian
deviation)
R (3) Phase Error Range + 1 readian

(L) Sensitivity 1 volt/radian
(d) D.C. Amplifier

(1) Gein 20DB

(2) Linearity 0.1%

(3) Output Voltage Range + 10V

(k) Equivalent Carrier Frequency 1SMC
(5) Drift 100uv/wk

(6) PFeedback Divider Ratio N=L4

L

(7) Estimated Loop Transport Lag 20 nanosec,

c. ILoop Design Considerations

Fundamental relationships of phase lock loops as applied
to the Locked oscillator Phase Modulator are reviewed in this section.

(1) Optimization Criteria

The loop design is dependent on the application, The

) ]

designer has the choice of optimizing one or more of the follbwipg para=-
meters at the expense of others & modulation error b Intermodulation ¢ |
transient response d maximally flat frequency response with large out
" of band regecgigz*:&g;ﬁfggify Ha  roup defay (wlth Tedy sub of Bama - 7 m i
group delay). The loop operates in a noise free envirorment; therefore,
minimization of noise error is not a major consideration. Loop stability
is not h:majbr”coﬁSi&eratibn'but'céﬁitltutas'allimitihg factor of transiemt - .

arror,

T -llI——~Ilqg T
: ‘ b
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A s’umm&y of the '100p designs considered is stated as follows:

we selesct the criteria for a locked oscillator phase modulator to be

the minimigzation of modulation error and intermodulation by use of a

"maximally® flat delay response. The loop gain and bandwidth must be

consistent with the modulation spectrum and have adequate rejection of

surious harmonics generated by the loop multiplier, The various loop.

designs considered are swmarized in the following sections. The loop

designs were synthesized and the open loop amplitude and phase response

and closed loop amplitude, phase and deviative of phase (group delay)
computed on the SDS-910 computer,

(2) Fundamental Form-Phase Margin Loop Design

A simplified mathematical model of the Locked Oscillator
Phase Modulation is shown in Figure 14. The transfer function of

output phase to modulation input is listed by equation 1.

A@o (5) _ Koo Kyeo F, (Sw |

= @
E) =- +\ ] + K)m Kq, K\Ico Fl (5)
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~ Ideally the output phase, O, is a linear function of V,, over
the baseband; however, F,(s) must be arranged to sufficlently reject
the harmonics'rejecbed by the loop multiplier, Initially F:(S was
considered as a simple polae at W, . The open loop transfer function ' )

becomas:

G(s)= KV . here Ky= K kwm Kueo
) N N (L)

| G (9] = [6(5) . 6(-5)] V2

| G (5'»>\D5 = +201leg kv -=206)ay,,w - \OIOS,O‘[(%‘)qz(%‘)H ?] (5)

The phase angle is simply

" .
ré: _l;_ - 2 avctan = vodians (6)

\

The phase margin, 5{,“ s is ™  minus the phase argle,
As indicated by the Nichols chart, a 60 degree phase margin

yields 0,5DB peaking in the closed loop response,

Therefore .
dm = ‘l\z‘L ~ Zarctan & ' (7)
UO,: 373'\*)(_ and W, = 273 Kv (3)

vt T AT T R DT B LT T e

The open loop bandwidth was based on the baseband requirements. The
open loop gain was determined by the onen loop bandwidth and required

- - P -~ TR LR, » P _— - ~ o~
spurious rejecvion., OConsider rigwe l15. The rejeciion of ths 29C

multiplier rejection is e stablished as 50DB below the unmodulated
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carrier, From-the geometry of the figure

) :
bU, - 330)J~ 010 rps (9)
W, =38,98 .10*6 rps o (10)
+6 -1
K_v = 3,98 .10 sec (11)

The loop parameters were listed as

N =1L - (12)
k}& = 10 volts/volt _ ( {13)
K wy = 1 volts/radian (1)
Kuees = 3.59 207 radians (15)
and Zwi_fii ‘S) = 1,0 (16)
v
The closed loop transfer function is of the form
58s ). N
The parameters E:) SN and 'L, were computed from a real

axis plot of the open loop amplitude response,

The closed loop amplitude response was computed as follows:

L6 "
— 130 - Ae - e >
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'-17. This desiga y‘lolded the follthng pa;'mbars .
¥ - _moaed loop paaking at. 1.5 W . o Om
iskéacct.ion st '12.5’ MG (mupnar Feedthru) -33.3DB

< :Re,jcation at 25 MC (Mtiplier Sideban) 50,918

"Va.riation in grcup dalay 0 500 KC, 'S nanoseconds
: tion in: group dolq:r’ﬁ 1.5 MC hO nanosecands,
o .Lsa»mummw S
‘ 1% vu; &gsuhed blub the prmmm loop deaign m m- from
-‘“optimm ’“ ﬁu doa\ign m bued on a’ 60 dcg'uo pbnso mgin. Therefore,
o t«hu aﬂ‘urt ﬂa""eanhinudd md [ loop mﬂuailﬂf"ﬂub exhibited a closed
loop re@onéo sudx thut the eloud 1oop poib: tall on & se:dcircle in

t.ha canplex phm. Thia apnmch and t'.he result.a are sumarized in the
following sect.i.ona. ‘ The root locua plot mgeabs that if the open loop
gain is Opt.iniud the closed loop polea ‘ean be forced to fall on a semi-
circle in tht lsft hand plana yielding a Butterworth response. Figure
16 indicstes this thoughh for & third and fourth order Butterworth,
The form of hhe closed loop third order Butt.entorhh response is in-
dicated by squation 19.

FoleY- A@ L8,

S B E )™

The Locked Oscillator Phame Modulator exhibits a pole at the origin in its

open loop transfer function. Since the total mmber of poles must be

R . L5223
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equal in the open and closed 1oop functions, we select the open loop

- transfer function as listed in equation 20,

Kv
s(é——+

G, (9)+

E o S41 (20)
wﬂo

The closed loop transfer function is written in terms of the open

loop parameters by subastitution in the familiar relationmship

SON ’
FE) 1 G(s) .\.(S.\., (52 It E)fo sH) e

o

By equating the closed loop relationships described by equation 19 and

21 and solving for _ofJen loop parameters we may synthesize a closed loop

transfer function having a Butterworth characteristic, The equality
is listed in equation (22)

3 . 2 -
. 2_§_le+_5_+}:-§~3+5&+' “H 2t )

2
n

The parameters of interest becoms

254 (23)
U\)Y\ = W, \/;:T
° (2L)
fo - Mg
2w (25)

- L6 -



For @ third order Bubterworth‘éi. is 0,5, The remaining parameters are
determined as a function of W, » Wn was determined by examining
published curves ("Reference Data for Radio Enginecrs", Lth Edition,
chap. 7, page 194) and determining the value of Whn for a third order
Butterworth such that the amplitude droop is 0,2DB at 1.5!%C. The

following parameter values follow:

Wy, = 5577.10+6 rps (26)
Ky, =257 .10*6 sec”t (27)
Wny = 2 5 T 10" rps (28)
£, = 0.707

The open loop transfer function becomes

S - 1070
] 6%(537 2 S5Oy —
S

<z S + |

The open and closed loop amplitude response and group delay of both

a third order and fourth order Butterworth are listed in Figures .9
thru 22,

The same technique was applied to synthesize additional closed
loop responses that exhibit a three pole and four pole Bessel response
(Linear Phase Response). The root locus is shown in Figwure ?3.

The closed loop amplitude and group delay for ﬁhe thres amd four
nola Rassal is shown in Figures 2k thru.27. Table VII indicates a

summary of the parameters of the various loop designs,

- 47 -
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Butterworth Besael

Phase 3rd Lth 3rd Lth
Loop Design Margin Order Order Order Order
125 MC Rejection -33.80B  -42DB  -56DB ~-13DB -13DB
25 MC Rejection -50,90B  -60DB  -73DB -31DB ~3LDB
Amplitude Response 0,2DB 0.2DR 0.2DB 0.2DB 0,208
to 1.5 HC ..
Variation in Growp L0107 38107 47107 how” )07
Delay to 1.5 MC sec sec

sec sec sac

Table VII Summary of Design Characteristics

(L) Ewaluations and Recommendations

It is clear that high fidelity angular modulation systems require
constant group delay vs frequency characteristics to avoid intermodula-
tion of an ensemble of signals, thus the fourth order Beséel distribu-
tion is preferred., Howaver, the out of band rejection becomes -30,5DB
and -51,5DB, respectively and the group delay remains essentially less
than one nanosecond, Assuming that the phase detector reference is
12,5 mc and the phase detector balance is designed to yield an additional
20DB rejection of the 12.5 mc feedthrough then the s,purim.xa rejection
of the L pole Bessel is adequate and the group delay variation superior.

d. Practical Problems in Mechanization

(1) Feedback Divider

The specification demands that the peak phase deviation be
+ b radians-obviously beyond the range of realizable phase detectors.

Thus the feedback divider is required to compress the phase deviation,

- BT -

s



£ g
.

At first thoughi, one may increase N from L to some larger value thus
relieving the phase detector linearity requirements, However, the
baseband is not compressed by increasing N, further the phase detector
harmonic frequencies and the baseband converge as N is inéreased and
the loop rejection recuiremsnts becoms intolersble,

(2) linearity Consideratioms

The linsarity of the components within the loop is important
in satisfying the required fidelity spec, However, one of the primary
purposes of feedback is to improve linearity. The imr&mnt is de-
pendent on the location of the non linearity within the loop. The
principal sources of non linearity within the phase locked phase modula-
tor are the VCO and Phase Detector, The non linearity problem of the
Phase Locked Modulator is more difficult than the usual system is that
two principal non linearities are cascaded with the loop. The aporoach
considered in Appendix D is to conaider the intermodulation contributions
of the phase detector non lineerities independently in the open loop
condition. The same ap roach is applisd to the VCO, The computations
shaﬁ that the phase detsctor introduces odd order spectra other than
the desired components while the VCO introduces even order undesired
spectra. It is assumed that the intermodulation components generated
within the phase detector and VCO as a result of the épecified two
tone test are not additive,

To aid in interpreting the affect of the feedback loop in compen-
sating far the component non-linsarities, the quasi~linear model of

figure 28 is assumed, The intermodulation sources are assumed to be

- 58 -
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e

voltages added to the forward channel at the output of the phase detector
and the input to the VCO,

(a) Effect of Loop on VCO Nonlinearity

From the model of figure 24 the error voltage VE j (at the

system null point) as a function of the VCO non linearity is:

V “) Kuee Km S
! = Ne (341) L »{w‘ H) < 3(29)
Treel® TR T Ko )
SEXDE

or Vi ( 5) = Vk ¥ (30)

]

In the detail computations of Appendix D it was s.own that a VCO with
1% non linearity and + 4 radians phase deviation driven by a loop
amplifier with K( = 3,16, the resulting naxirmm even order inter-
modulation is -LLDB with respect to the unmoculated carrier. Therecfore,
an amplifier scale factor of Ké, equal to 10 is assumed to further

attenuate the affects of VCO non-linearity.

(b) Effect of Loop on Phase Detoctor Jon-Linearity
. By a similar amalysis the estimate of the phase detector

odd order intermodulation source j P is expressed as:

Vs (-‘-=> - l

I \/ ; ,.’y % (31)
PD(.S_ ‘3(73.74 OZ
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From equation 32, the loop's influsnce on the phase detector non-
linearity is frequency sensitive. At high frequencies { Lo 2 W )
the loop performs virtually no correction of the phase detectors non~
linearities, Therefore, detailed computations were performed in
Appendix D to relate phase detector intermodulation (spurious to une
modulated carrier) as a function of phase detector linearity and
excursion, Initially, a sinusoidal phase detector was considered with
* L radian deviation and + 1 radian deviatioﬁ. Further, a phase

detector with a sawtooth transfer of Eo

" (ideally linear to

+ 1Y radians) with 1%, 5% and 10% non 1ine‘arit;y over the + TI" range

was considered. The input phase deviation was constrained to + 1 radian,
The details of this investigation are included in Appendix D. However,

a sawtooth phase detector, with a dynamic range of + |Tradians and 5%

non linearity with the phase deviation of the input constrained to

+ 1 radian ylelded spurious -60DB with respect to the unmodulated carri;r.

e. Implementation of Circuits

Appendix D includes an investigation of each circuit component
included in the Locked Oscillator Phase Modulator., Refer to section
IV of Appendix D for this discussion,

2., Deviation Multiplication Phase Modulator

As an alternative to the locked oscillator phase modulator, a

w 6] -
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brigf investigation was made to evaluate the feasibility and comparative

‘actmwgaa bhat mi.ght Gxiat by utilising conventional phase modulator
md deviabian mﬂtipllcabion techniques. The details of this investiga-
‘ t..ton are’ ma.méad ia Appendﬁz E. Ths following is a summery of Appendix

E.
Mnat.ion of the bagic mmtor {assming an Amsbrong type)

ndicated that for the fidelity (1imearity of modulation) required by

tht RF Tesk Gonsole, the realizeable dsviation must be limited to
wommv 1f8 radian, Therefore the required peak deviation of L.0
r&ditgs mmgihbu lt‘nqmcy lultiplieat;on by at least a factor of
32 within the bteansmitter in order to maintain intsrmdﬁlation cments
at levels of at least -LO db relative to the modulated oarrier.

. The mechardzation of a gmall d&via&;on frequency multiplication

'H; transnitter may follow the dual mixer multiplier of Figure 29a (or

the direct single mixer of Figure 29b) or the direct multiplier single
mixer of Figure 30a, With the necessary amplifiers and filters zhe

- eireuit imlmnhabiam are as shown in Figures.29b and 30b. In the

direct multiplier chain cf.Figure 30b a m&,ﬁplier factor of N = 36 was
used to ease the design of the raférence cizé,m;el since the numbers 31
and 33 do not permit cascading of small frequency mlbiplica:tions.

Of these two systems the configuration of Figure 30b s slightly
less complex and is not as suscaptible to gpwrious and undesired
crossnyx;&&ucbs caused either by leakage or bty heterodyne mixing. In
addition to the generel problsms of amplification, (which is necessary
for isolation and for sufficient drive t»c the multipliers and mixers)
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and frequency multiplication, a severe problem exists in either circuit
in the design and fabrication of Bessel filters in the modulation
chennels. The direct multiplier chain requires L such filters; the
dual-mixer smltiplier, 5, In either instance the composite bandwidth
charactcristic of the filters, all in cascade, must provide (in
instance) a flat delay (linear phase) response over an absolute modula-
tion bandwidth of at least 9 mcs. "

"Examingtion of the complamntary RF Test Console mode of operation
using frequency modulation at a deviation of 500 k¢ and with modulation
frequencies extending to approximately dc, say 3 cps, shows a require=-
ment for a peak deviation of 1.£7 x 10S radians. These PM systems are
inadequate for dual mode PM/FM operation under these conditions without
extensive additional effective multiplication,

Considerati-ns of performance, design time, circuit complexity,
ease of mechanizati-n and modification, economy, and dual mode PM/FM

utilization of deviation multiplication modulators as compared to the

same factors for the locked oscillator modulator indicate that the latter

is preferable for the RF Test Console.
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3. P. M, Receiver

Appendiz F of this repert contains the details of the P.M.
liicoeivor study, The following constitutes a summary of that effort,

8, M Receiver Block Diagram

The portion of the statement of work pertaining to the

PM receiver is sumnarised ss follows: Perform an analysis of the PM
Revelver which statisfies the requirements of JPL Spec, GPG-15062-DSN
par. 3.5.1. The analysis shall include the tracking loop design and
an investigation of the achievable dynamic nngaf of the demodulator
wideband phase detector. The analysis shall yield a block diagram
indicating impedance levels and the dymnamic range of aignal and noise
irclum. Concentrate the P.M, receiver experimentation on the widew
band pmae‘dat.ecbor, the tracking loop and input amplifisr to the
extepnt sufficient to support a valid PM receiver design plan during a
later implementation phase,

Figure 1 includes the PM Receiver block diagrem. fThe
receiver configuration is essentially the same as outlined in the JPL
specification with the following exceptions: 1) The 60 MC VOO is
mechanigsed as a 1 MC precision VCO and Y60 frequency rmltiplier 2)
The 10 MC reference oscillator is mechaniszed as a precision 1 MC
oscillator and 110 frequency multiplier 3) An additional 100 KC noise




candwidth £i3ter is orovided such that the receiver bandwidth at 50 M
can bte changed from 10 JIC to 107 XC thus enabling the tracking loop

ta e ested 2t threshold in 2 2 BIO of 3.0 cps witiout moise over-
Toading the receiver {ront end, L) A precision variable attenuator

ie prowided ot the receiver input to constrain the required AGC dynamic
rasre for the 1000B S/N dynamic range 5) The predetecticn record system
5 wachanized with an additional stage of up and down conversion to
aliow the full 6 ''C information spectrum to be centered on a 5 ¥C center
{reque.ny without spectrum foldover. 6) The predetection playback
grystum 2as bzen altered to include a stage of up conversion to prevent
second harmonic comnoniéa of the playback information from feeding

tere the 16 HiIC TF amplifier,

t, Tracking Loop Gigne! and Noise Power Levels

Fimwe 3. indicates sicnzl and nnise power levels and S/N
natrcos referencad to noise bardwidths of 10 MC, 6 1C, 2 XC and
3 ens, Thess handwidtihs are referenced as they constitute the noise
banasidths 22 the receiver {ront and, demodulztisn channel, traocking
locn predetection bandwidth and the minimm trachking loop tandwidth,
Fougare s incoecbes the ool ve and 3ignal vower levels from the receiver
ront ond then the trackine loop for maximum and minimum S/K ratios.
winur, *he cain (or loss) and iinear power capability of each unit
from the » ceiver front end thav the tracking loop is shown.

~. venodalation Chanpel Signal and loise Power Levels

Pigovy. 33 indic.tes the same data from the receiver front end

Lo Bee deanwlation chamel,  Without dwelling on bhe detail outlined
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in Appendix F, the following portions of the receiver design plan are
essential 1) The demodulation channel phase detector (predetection noise
bandwidth of 6 MC) wil) operate at a minimm S/N ratic of -LODB. The
phase detector S curve will be linear to LO volts peak to peak 2) The
tracking loop predetection S/N ratio will be -28,2LDB at threshold with
a 2BLO of 3.0 cps. 3) The linear power capability of each unit in the
receiver must be larger than usual as the simulated noise levels at the
receiver input are higher than would be normally experienced. L) The
demodulation channel predetection bamdwidth is established by a Bessel
filter. The predetection gain 1s achieved by wideband gain and phase
stable amplifiers., 5) The Input amplifier gain is attributed to wide-
band gain and phase stable feedback amplifiers, The bandwidth is
established by a linear phase filter., 6) The gain of the Input
amplifier is changed as & function of AGC by changing the insertion loss
of intersfage voltage sensitive attanuators,

d, Carrier Tracking Loop Design

The carrier tracking loop predetection bandwidth is established
by a crystal filter with a 2 KC noise bandwidth centered on 10MC. The
predetection gain 43 attributed to gain and phase stable broadband feéd-
back amplifiers,

The tracking filter components were computed for predetection
noise bandwidths of 3, 12, 20 and 4B cps. The tracking loop filter
design was based on the JPL design as outlined by Rechtin and Jaffe

and summarized as follows:
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Threshold Loop Gains G o TV, (& (33)
Threshold Limiter Suppression Factors N (3k)
Loop Filter Transfer Function: F . (&) = J4 Tes (35)
. Wb’, <

Tareshold Loop Noise Bandwidth: 2 Bq (¢ ps) -3 B, (r P:,) (36)
2

Ncd
_Filter Time Constants: T, = Vz P = (,o (37)
— {
CH B.?

C L Transfer Funetion: !
=D 20 me“““H&%%f@%&HH%sV”

‘ | 5+
Closed Loop Transfer Function: H(“’>- 4 =z < 3 . (33
B R R T
St VEga -
PEST ds® 4 2 o4
32B,, 4B

The no noise loop gain (G) was made sufficient to constrain the static
phase error to one degree when the transmitter standard is detuned
500 cps (G = 180,000), The limiter sup-ression factor o, is 0.02
for the minimm predetection signal to noise ratio of -28,2L DR, Tt
follows that the threshnld loop gein, G;o s is 3600, The filter time
constarts were comnuted and listed in Appendix F for s threshold loon
gain of 3670 and oredetection noise bandwidths of 3.0, 12.0, 20,0 and
LR.0 cns, A passive loop filter was considered for the specified loop

noise bandwidths, Provision was made to achieve loop noisebardwidths

-~ 72 -
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fron 1,0 to 1000 cps with an active loop filter.

e, Tracking Loop lechanization

The tracking loop mechanization is summarized briefly as

follows:

(1) Phase Datector

Experimntal effort was expended during Phase I to
develop a high level broadband phase detector. The Linesr S curve
and bandwidth of this urdt are indicated in figwres 3L and 35, As
shown, the unit is cspable of develaping an S cufve of 4O volts peek
to peak (with linsar transfer of beat note out~ut t» zignal level
input) with & 5 1C video 3 DB bandwidth, As applied to the tracking
looo, the 5 iC video bandwidth is not imnortant, however, the lincar
S curve canability is essential to minimize noise biasing and retain
a practical phase detector sensitivity at the tracking loop threshold,

(2) v

A precision 1 MC standard was fabricated in Phase I as
a portion of the Linear S/N Summer. The long term stability was
measured ask parts in 19~80ver a 19 hour period. The short term

stabil.ty was measured as 1.6 parts in l()".11

referenced to an integration
time nf 1 sec. Two similar standards, arranged as VCOS, wefe phase
compared by tuning to zero beat and the phase detector omtnut filtered

by a sirmlated [ - H (5‘:)] transfer with 2 BLO of 3.0 cps. The
resultant phase noise was measured as 1.43 degrees pesk. These results

formed the basis for the tracking lsnp /0O specification,

-73 - r S
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The center frequency of the tracking loop VCC will be 1 KC which

o “w @
il gl

in turn is multiplied to 60 HC to form the input balanced mixer reference.

The phase noisé contributlion of camparable 48 frequency multipliers
was measured as degrees peak in 2BLO of 3.0 cps.
(3) 10HC Refersnce Oscillator

The reference oscillator will be patterned after the
characteristics of the tracking loop 1 !iC WO, However, the unit will
be manually tuned and its 1 !'IC outout multiplied to 10 MC,

(L) Narrow Band IF Amnlifier

The basic Narrow Band IF Amplifier active element will be a
feedback pair or doublet, This unit is a two stage feedback amplifief
with approximately 40 DB of onen loop power gain and 10 DB of closed
loop gain. The closed loop 3 DB bandwidth extends from 1KC to 30 ifC,

Cascaded feedback pairs will provide the power gain assigned the

narrow band IF amplifier 2KC érysta.l filter and the wideband amplifier

6 KC filter. Both units will be lincar phase or Bessel filters. The
group delay is the reciprocal of the 3 IB bandwidth'. The group

delay of the 6 1iC demodulation chapnel filter is 160 u sec and the

2¥C carrier tracking filter, 53 nanoseconds. The phase variation

as a function of offset fram center frequency is the product of group
delay and frequency offset. ‘Thererora, the carrier trar.:king F outpﬁt
will track the wideband IF oubput only 30 cps offset from the 10 1ACS
center frequency. Tt is recognized that further phase divergence is

attribnted to the nhase tracking characteristics of the demodulation

channel and carrier tracking limiters., The demodulation channel limiters

-6 -
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of necessity have a larger nolse limiting dynamic ranre than the tracking
loop limiters. Thercfore, the opportunity for phase s.ilt between
limiters as & function of limit levels exists. The latler source of
phase tracking error canj however, be compensated by the phase stiffers
in each phase detector reference input, The phase shift characheristics~
of the basic limiter considered is outlined in Appeniix F,

(5) Narrow Band IF Limiter

The gzain, dynamic range, limit level and linear power canability
of the tracking loop limiter is listed in the level diagram as L2DB, 36DB,
ODBH and ODBM resnectively, As outlined in Appendix F, a tunnel diode

limiter and conventiongl limiter were fabricated and tested in Phase

I. The tumnel dinde limiter exhitited one half the phase szift (17

degrees) of the conventional limiter over a 60DB dynamic limit range,
Further, the tunnel diode limiter yielded about one fourth the phase
anift »f the conventional emit as a function of temperature.

(6) Loop Amplifier

The carrier tracking amplifier was assigned the scale factor

of 32 volts . The amplifier characteristics that were considered are
Vo

listed as follows: a) bandwidth b) linearity c¢) dynamic range. d)
stability e) noise figure f) overload recovery response. The Philbrick
chopper stabilized SP~456 operational ampiifier was selected,

(7) Balanced Modulator

The Input Mixer or Balanced !iodulator is specifisd such that
all spurious products that fall within the passband must he -60DB with

raespect to the desired output. Initially, a four term power series

-7 -
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representation of the mixer non-linearity was analyzed. The series was
expanded assuming a mixer referonce and a two tone signal input. The
resultant terms were examined for spurious that fall within the pass-
band as ‘the two tone frequencies are varied across the input spectrum,
The results indicated that if a perfect square law mixer can be
fabricated no spurious terms appear in the passband. Further, if the
ontimm square law mixer is physically unrealizable (a valid asémupbion)
the magnitude of the resulting in band spurious is a function of the
order of the distortion and the level of the signal input, Swmarizing
the results,the mixer will exhibit a square law non-linearity (as close
as possible) and the signal drive level will be minimized.

f AGC Loop Design

The principal AGC loop specifications are indicated as follows:
“The AGC loop gain shall be greater than 20 over its entire operating
range such that variation in the coherent receiver output, measured in
the narrowband IF ouiput shall not vary more than + O.}DB for an input
signal level variation of + 6DB about its design center. The AGC loop
filter shall be a passive single pole RC low pass filter. The AGC
loop shall have four (L) standard loop noise bandwidths of ,01, 0.1,
1.0 and 10 cps."

The AGC loop filter time constants are expressed as a function

of the open loop gain and noise bandwidths

. G

4 BL (o] (hj)
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The open loop gain, G, is the dimension less product of

s sl

S

(Kp = Receiver IF Gain V,cgb s kq = coherent amplitude detector gain,

volts

b
%%;—?- ami(‘xlnlqop amplifier gain 501t ° } The Yoop is non linear

a3 the loop gain is a function of signal strength. A maximum o.en loop

gain of L0 and minimm open loop gain of 20 was assumed, The scale

factors assigned t;he“leep camponent.s are summarized as follows:

5 :
i

k™

K, =12 B | (u1)
Ky = 0,03 %“ﬁ (L2y
Gy = 110 volts/volt (L3)

Table VIII1lists a swmary of the dynamic range of the various AGC

loop voltages,

Table VITIAGC System Dynamic Voltage Ranges

1. Range of Innut Signal Level (DEM) -5 to -84
‘ : 2. Regulated oubout variation over -8.24 to -9.7h
; Input Signal Level Range (DEM)
: (0.3DB regulation for 6DB change .

of Input)

3. AGC Quadrature Source (v peak) -0.250 to =0,205
. L. AGC Voltage Range deceiver -7 to =2
i Control Voltage |
% g AGC Loop Mechanization

The principal AGC loop components are listed as follows:

-79 -
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(2) AGC Loop Amplifier

- The AGC loop amplifier was assigned a scale factor of 110 XS%%E .

vo
The unit will be the same as the tracking loop amplifier (Philbrick

SP-456). A minimum of two amplifiers will be required to orovide stable
i Y volls | PFurther, an additional

operatinn with the scale factor of 110 5Tt ’

amplifier will be required (connected as a followecr) to prevent loading

of the single pole loop filter,

h  Predetection Record and Playback

1]

The predetection record nutput is derived from the wideband
demodulation channel prior to the limiter, The‘original Specification.
indicazed that the predetection record spectrum, centered on 10 MC with
6 HC bandwidth was to be down converted and centered on 5 IiC by mitiply-
ing the spectrum by a 15 MC carrier. Unfortunately this system allows
spectrum overlap of any multiplier spectrum leak and the down converted
spectrum, The system was modified to provide 2 stage of up conversion
(spectrum centered on 10 HC multiplied by a 4O MC carrier yielding a
spectrum centered on 50 !MC) and a stage of down conversion (soectrum
centered on 50 MC rultiplied by a L5 MC carrier yielding a spectrum
centered on 5 liC) to avoid spectrum overlap,

L. Phase Noise Instrumentation

The results of the Phase Noise Instrumentati-n investigati»n
are outlined in Apvendix G, The following is a sumnary of that effort,
The Phase Noise Instrumentation system provides a measure of the
standard deviation, mean and variance of the tracking loop VCU phase

noise when subjected to various tests, The system is essentially a
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phase comparator whereby the inst;antaneous VCO phase is commared to

the phase of the 10 MC reference oscillator, The resultant noise
spectrum is converted to baseband and also up converted for true R0
measurerent. The senaitivity of the system is varied by changing the
digital count, N, in figure 1, the system block-diagram. The precision
phase shifter provides a means of calibrating the output meters in
dagrees,

Ideally, the measurement system should be an order »f magnitude
more accurate than the system to be measured., The dividers were
forecast as one of the principal sources of error within the measure~
ment system, Therefore, the Statemsnt of VYork indicated the following:
"Conduct experimentation to determine the most promising method of |
achieving short term stable frequency division."

The time jitter of high speed digital (toggel speed of 10 lC)
counters was experimentally compared with the equivalent time jitter of

a locked oscillator frequency multiplier system. The two systems are

outlined in figures 36 and 37,
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The time jitter, or uncertainity of zero crossings, of the binary

divider is basically dsternined by the togzle speed of the [lip {lop.

The relative time jittor of two 3 bit grey code counters was measured

with a system wiose regolution was 0,2 nanoseconds (0,71 degrees at 10

1)

The resultant time jitter was too small to measure,

Conversely,

the relative phase noise of commaratble frequency multipliers was

measured as outlined in figur: .36
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The carrier tracking loop corrects the VCO phase noise in accordance
with the transfer of 1~ H(<). Therefore, as shown in figure 38 the
low frequency components of the phase noise were filtered by (- H(),
2BLO = 3.0 cps)., The phase detector was calibrated and the r-.sultant
phase noise was neasured as 1,43 degree peak at LY }C. Assuminz a
linear translation of phase jitter with frequercy multiplication, the
phase jitter of the 5 IIC output of figure 37 attributed to the rmulti-
pliers becomes 0,148 degrees or .08 nanaseconds.' On this tas-g there
is little to choose between the two systems, However, additional snurces
of phase noise within the loop were not measured (addmittedly the

phase detoetor and loop amplifier noise contributions experience the
least amount of attemnuation), However, the binary counter system was
selected for the following reasons: 1) Simplicity 2) No acquisition

protlem 3) Thin Film 50 MC Flip Flops are now available.
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D. PM/A¥ Sub System

The FM/AM Sub System is outlined in figure 1, the H.F. Test Console
Functional Block Diagram. The Sub System consists of the ! Transmitter,
A Transmitter, Conventional and Phase Lock FM Receiver.

1. FM/PM Transmitter

Portions of the FM Modulator and PM liodulator utilize the same
components. The specification does not require similtaneous FI and P!
Transmission; therefore, some units of both transmitters will be the same.

a. F.M. Transmitter

The details of the F.M. Transmitter are outlined in Appendix H.
The following constitutes a summary of Appendix H.

(1) Summary of Specifications

The Frequency ¥odulator requirements are summarized
as follows:
Summary of Specifications

(a) Transmitter Center Frequency S50me manually
’ tunable + 50C cps

(b) Frequency Response + 6.1 DB from 50 cps to 100 kc
. and + 0.5 DB from 3 cps to 50 cps
and 100 k¢ to 5C0 kc

(e) Frequency Deviation + 500 ke, maxirum modulation
index 512 in AFC Vode
(d) Mode AFC (Fregquency Response 3 cps
to 50C kc)

Kon-AFC (Frequercy iesponse
DC to 50O ke)

(e) Residual E: TX/RX pair, 1Y cps in AFC Yode
60 cps in lon-AFC lode .
(£) Static Linearity + 0.5% over full-scale deviation
TX/RX Pair with non AFC TX and cither RX
(above and beyond inherent
ginusoidal phase detector
non-linearity)

- 85 - ‘.’iT
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(g) Dynamic Linearity TX/RX pair + 1.C percent in AFC
and non-AFC Mode (above and beyond
inherent sinusoidal phase detector
non-linearity)

(h) Deviation Linearity TX/RX pair sufficiently linear
.to meet the static and dynamic
lincarity requirements

(2) Summary of Design Objectives

(a) AFC lLoop Characteristics

(1) Closed Loop Response - Butterworth

(2) Equivalent Closed Loop Butterworth cut off
frequency - 2.5 mes

(3) Variation in closed loop group delay over
500 kc baseband -~ 3 nanoseconds

(b) APC Loop Characteristics

(1) Loop Natural Frequency = 57.3 rad/sec
(2) Loop Gain ~ - - ~ 107.8 DB
(3) Loop Rejection of Phase Detector Feedthrough, -60 DB

(4) Pre-emphasis Transfer Function

K S% | 2E s+
Wnt ' Wn
SZ.

(3) AFC Loop
A Simplified Block Diagram of the AFC Loop is shown in
figure 39. Bar Cinpuy M oDULAT ON) )
, DisceiminaToR N Loop Amp  Loop FiLTER veo -

Foo * Km Koo . Kneco Fom
z Volrs sy me
Mc veoeT
Figure 39. Simplified Modal/AFC Loop’
The transfer function .g_i (3) 1s indicated by equation Ll
o~

-E-‘.’-Ls) = Ko Kwaco Fis) (L)

-~

I+ Km KorKarco Fis) g6 -
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The transfer function ¢of a 3 Pole -utterworth filter is of the

form:

|

Fes)'= (3 *‘)(

-+ 25-;') (v,.ﬂ) *‘(‘" Xzé"”!)'sl ("’"\

26;0)5& i

Equating coefficignts of like powers of s of ecuaticons L8 and L9 the

follewing results

(
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Tha agen }.oop ga:i.n, Ko s Was assigmd a realistic value ( Kp = 50)

as dict.at.ad by f.he barduare hmitationa The loop filter's poles w,
a?j&d Wpy. We ‘solved as a function of the closed loop Butterworth cut
off I‘réqum, W, , (and open gain K») as indicated by equaticns
53 and Sk y

Way * 039 w, (53)

w,= 2 (w,, ’wnc) (54)

The normalized amplitude response, phase response and group delay
of equation ¥ (3 pole Buttervorth) was tabulated on the digital computex.
The Battcmr’d! cut off frecquency ( w.,)m selected to yield a relatively

} #mhant group delay over the modulation base band, 500 ke. The cut off

frequency was selscted as, @, = 577, 10%° rad/sec. The change in
group delay over the 500 kc baseband is 3 nanoseconds and the droop in
amplitude response, 0.0003 DB, Figure 4O indicates the resultant open
loop and closed loop amplitude response, figure L1 indicates the resultant
group delay. Figure 42 shows the Root Locus Plot.

Figure L3 indicates a simplified model of the AFC loop with inter-
modulation{non linearities) sources simlated as separate inputs. The
loop's influence on VCO non linearity is shown by equation 55.

X B
fo - b —K TEEM)
Tarco Ki’v\hé‘ Kp +F Kk 5-;(X &ﬁs‘q (55)
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Figure Lli. Simplified Diagrar, Locker (-oi 7 a¢ s
Frecuency Fedulator

ed

As shown by ecuatiorn 50 and ficure L3 the oo,
nen linearity {(i.e. the discriminater Tinearity i s Leredd to the

VEC within the constraints of loop gain). The 1o Loriooms o norerce

tion of the discriminater non lincarity., Iherefore, the 40 loo

requires a linear discrimirator as ouilined :n APPe. i 4 peges 30 thra 35,

-

I

The AFC loop improves the

<.

CC linenrity; however, the wooodulated
center Irecuency is & function of the AVD loop sain and pe

A relirrne

| frequency stabiiity. The ATC reforence of cououe

L PR P
‘ discriminator. The (iscriminator referrercen s ylirr Vialdn .0
linearity cover a 205 banduidth. iHowev tanititn ia
‘ unacceptable. The refeorence instan SR
: »
1 . . . . b e - . .
; center fre uency) is detected as cosicual W10 40 Sl pecalto ool iheean

fore, the narrowband auxiliary APC lo owas ad'ed ©  ‘the o RS

stabilize the VOO center frecurency,

WY arc Toop

& simplified block diagram of the AVO foc L v do

figure Lli.
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The AFC loop has been replaced by an ecmivalant linear VCO.
: .'I;o be exact, the AFC loop should he replacéd mth a unit whose transfer
| (mnction is the m closed loop transfer function, Altcrnately, the
| *A¥C Loop o can be rotained and the transfer function of the APC lsep
m'itten as a mnction of both loops using Mason'a rules for dealing
with mlt:i loop systems. However, t}\e AFC closad loop transfer
> mcgion isnot rrequency sensitive, at M over the frequency rangs of interest
(’ of tha APC 10@, and the approximation is valid. Referring to figure Ll
* the transfer mnéﬁon of output frequency, f,(s) , to input modula-

tion, V. ( , i8 expressed by emuation %.

g.f;‘.(s) = Kora Kuco . (s6)
l" !+ M‘z Kycs Fis)
, NS

Let Ky = Km Koz Eucg ondd Fl5) 2 s+l (57)
~ Z's
Fo Nl st | .
m(s) - — (58)
Yo zﬂ[% s Zs ,
r
& 28
1'* 2" %t ?: = s (59)
, r
—8.¢s) = NKuKie, ' (60)
Vs 2 gy,
), W
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L o L g
let& = 0,707 and scjw
L4
The response of ecu:tion 62 is
71
r:n - =
Wl e [6-609)] (e1)
Mﬂ}
7]
< NKaKyeo ’_____._m?m;“ (€£2)
V(f) ¢

Figure L6 indicates a plet of equation 6. The highpass character-
istic of equation 6L is not compatible with the amplitude rcsponse
specificaticn {-f_ 0.1 DB from 50 c¢ps to 100 KCS and + 0.5 DB frem 3 cps .
to 5C cps and 100 KC to 500 KC) if the lower bound of the haseband
approaches &, » Appendix H includes an active pre-emphasis network
whose transfer function is the inverse of eguation &0 extending the lower
corner response of figure LS.

Aside from the transfer of z/%/{) and the form of the pre-emphasis
network, the APC loops influence on the phase detector harmorics and
reference frequency feedthrough are of interest, Refer to fipgure Ll.
The phase detccter harmonics are simulated by an adeoitionzl inout, Tpep .
A linear system is assumed and super:;aosition applied. The trz;nsfer,

% (s) s is listed in equation 56. The transfer Fe [s) is in-

T
dicated by equation 63.

- Ku K F(s)
._._..F"_ {g) - vee (63)
Tpn |+ Mo K Kuga F (%)
MS ’
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[T

"Equation 63 divided by equation 5 yields

*

«‘—’;’?’; ) = Fs) (6L)

Bquation 6k indicates t);at the relative magnitude of V, to Tep is

determined by the APC loop filter. The loop filier is of the form,
?%;-}:—-: » a simple lag lead configuration. If the lower frequency

camponent of (the phase detector feedthrough) is greater than ;;“5‘“—1

and if 2 ecuals /o002y 5, Ty, (Gw) is -60D3with respect
to Vm . |
The loop parameters (G, &, ¢:, &, etc) are determined

in Appendix H. The loop gain and r esonant frequency were established
to constrain the phase error to 1/10 radian when either ihe reference

frecuency detuning rate or VCO drift rate subject the APC loop to a

es

frequency ramp of 50 cyel » The parameters of interest are 1i:ted .
4

s6¢,
as follows:

CUPPRL -
G"" g”ﬁi;//akvta . {é.?a)(l)ifl)i_@uo ): 248 nis 6(65)
Y e R+ ;f?':'i‘ 3949 sec (66)
”
r.,
LAERY N "‘;,3;‘: 0.0179% sec 67)
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wm H includes a section dealing with hardware mechanization
and gystem power levels.
(5) AM Trapsmitter
- 'I’heamplimde Modulator must be capable of amplitude modulating

the angle modulated carrier (either PM or PM) + 50 percent in voltage.

- The frequercy rosponse of the amplitude moddlator must be constant

" within 0.1UB from DC to 5.0KC, the linearity within + 1.0 percent and

the incidental angle modulation negligible., Appendix H includes
preliminary test results of the General Radio Balanced Modulator Model
1000-F6 which is applicable.

2e Fw.M. Receiver

Appeﬁdix I of this report contains the details of the FI Receiver
study. The following constitutes a sumary of that effort.
a. FM Receiver Block Diagram
The portion of the statement of work pertaining to the F
receiver is summarized as follows: "Perform an analysis of a FM receiver
vhich satisfies the requirements of JPL specification GPG-15062-DSK
par. 3.%.2, The analysis shall include the discriminator linearity
requirements and the loop parameters of the phase locked F.M. dis-
criminator. The analysis shall yield a detailed block di ggram indicat-
ing impedance lgvels, filter bandwidths and the dynamicrange of signa.l
and noise voltagéa',
- Figure 1 includes the F.M. Receiver block diagram. The corf~ura-
tion 4s the same as outlined in the JPL specification. Tipurc L6
indicates a detailed block diagram of the FM Receiver indicating signal

and noise pover lavels, limit levels and amplifier gains.
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G5
a. Limiter Chain Sicrna: and “oise bower Levelr

Figurc L6-indicates the input signal o noise poyer cuels
referenced to the maxirum and minumun input filter bandas 4 s, g
Input Filter's 3DB bancdwidths are syecified as 10 rercent tre roy
bandwidths. The “hree pole Butte vworth filtsr wmects the molse L u-
width recuirerent; however, this {iltrr o xh' biis a Lf rancsenc-¢ S8
in group delay from approximately one tenth 4o 'me half “hu 30¥ tand-
width. Conversely, the change in proup delayc: a fesrel il-or over
the same percentage bandwidih is nerli gible; however, the vl e -
width and 3DZ bandwidth of the Jatter unit Is not compatihle wit: .
spec. It has been sugrested that an allpass phase equalizing retwers
be used in conjunction with the Put erworth filter to achieve oo R
group delay and specified noise bandwidth. A realizable pase 000 efive
network that yields an overall phase resporce comparalle to ¢ hweoo ol

response is not realizable., Therofore, a fes el Filt v iz

N eI o e
e ML Y

48 shown in figure L6 60D8 of limiting follous *he io°.t
filter. A basic limiting stage with aporoximac=ly 7.50% o  taitian

As shoun in fpure LA oo

and gain is described in Appendix I.

stage amplifier must have a linear 'S powcr capability of ODXY,

buffer amplifier with one sigma linear capability of +2C0007 " ile
limiter chain and provides the reoulred phase detector drive - -
b. Phase Lock ¥.M. Jiscriminator

The phase lock diseriminator characterist os ar: souw
by the specified lonp information bandwidth and open loop i Py
standard loop information bandu.dihs are spec. v, s 2
300KC.  he oper lcop pain must be to corsivral :
loop phase error to less than 10 degrees peat under o diti v o

deviation.,

-1 -
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e

The open loop gain is indicated by equation 68
' 274 ¢

G- o /0° (68)

!he maxixﬁm'ﬁ{r;namitter deviation is 500 KCS; therefore, the minimum
open loop gain is 1.[1 x 107 or 145DB, The minimum above threshold
gainwas computed indppendix I based on sufficient threshold gain (e6)
t@cmstr&int the static phase error to 1C degrees at naximunm trans-
mitter deviation, The thresheld limiter supprossion o, is 0.0SS

[S/N = «24.2DB in predetection banchddthj ; therefore, applyin~- this
logic the minimum open loop gain is 170DB above threghold and 15553
at ﬂfr,eshold. One may argue that the 10 degree static phase error is
meaningless at threshold as the VCO is cut of loeck about one third of
the time. However, the loop filter time constants were computéd in
Appendix I based on the larger lcop gain. The basic relationships
are outlined in equations 33 thru 39 of this report.

ce Convantional Discriminator

The system specifications that influence the diseriminator
characteri'stica are listed as follows:

1. BStatic and dynamic linearity

2, Distortion (Diszcriminator Balance)
The delay line discriminator shown in figure L7 exhibits a linear trans-
fer of output voltage to inmut frequency. The discriminator character-

istic for simewave inputs (reference figure U7) are licted as follows:

£
bor 7 3 (69)
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;43.;7;5 (70)

The voltages at point A, By and C may be written as follows:

iz cos w? : (11)

Va = cos (wt-2a) (72)
' Ve = oos (wf”'{/c) (73)

The first detector yeilds an output voltage proportional tc the difference
between Uy and Vc

Viee = Costwt-Ba)= coslwt-d. )= ~2unlwé- %) e (70)

The second peale detector ontput iss

(noe = Conlwheth) - cos (W6 -th )+ 250 fut- 34 il -fT9)

&

One detector output is nearly equal to the peak of Vac (V1) and the
other the peak of Vv, . (v, )

V= wn & (76)
\/,_-" S/m ‘( -£{.’3) (77)

w 103 ™
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z The wtputs are émﬁed (with oprosite polarity) and become

wvz s ¥ e 5;@ “ | (78)
ielating yhase aﬁd frequnay B 180 f/fo
| }"Y"Va : s 48 '5"4" cos 90 s, R (1)

Squation 79 “@'@W‘MT (to'f cur place accuracy) for values of Iﬁ = 5

i te ;i ;%g- l . Tha linearity is within 08%. The unit has been
k:mllt and teat.ed. m resgts ve*ify eqaa’oion ?9. )
Mm rothestzeroubaysten
Tha fmqueney Synthea&zer Subsymaem .&s indicated in figure
L8, :mere 1a no sepa:mte -appendix déaling wj.th the Frecuency Synthesizer;
hawever,s«tha grm&m portions oi‘ the umﬁ have )wen dascr’lbed in the
e P.. Raeuivw %wjtem. 'i‘ha B‘nor% form and 1org wm fregency stability
of the vaimkfmquéncy mltip.l}.sra (%0 mc source) were rela ved to the
| specified carrier t!‘acicing loop notse srrar. V
) The 6k wo synthssizur cutput is providsd to down convert
the Sfﬁw aut«;m& to 18 m for mm mplw. m 55 mc outout
12 used to dewn convert the 50 me ™ recaival spectrum for predetection
reoord at 5 me. A&ditxona}. frequancias, 5&«31 50,02, 5@.05, £0.1, 50.2
- and 50. 5 wes, éze pwovi&ed w down canverb the S/N sumer output to video
. for displw on 'the ﬂpsctm Analyzar. The latter frequencies are generated
as showsf in figm 1@ by phase lock tachniques, The active filtc- system
shown is requimd to suppress all spurious 60DB-for the 50.01, 50.02
. and 50.05 me frequencies. The $0,1, 50.2, 50,5 and 55.0 mes frequencies
| can be filtered properly either with the phas‘e iock system shown or with
_crystal filters.,
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¥ ‘The 12.5 me synthesizer output provides a reference

_to the P:M. Transmitter. The short tem stability of this frequency

' refeliféncp«wmizt be compatibl_;g with the spe%;ified P.¥. Receiver carrizr

'ti;nckia'g locp HKS phase moise exror.

F. Tast "Itiétnmentatiap Subsysten
h The Test Instrumentation Subsystem is outlined in figure 1.
Appendix K includes the details of the Test Plan and Test Instrumenta-

. tion. A detailed outline of the various makes of the specified test

equ;pmeﬁt is included plus the recomended cnoice. Host of the choices

are Vself evident; however, the Spectrun Displéy uziit selection uas
‘influenced by relative costs. The Hewlett Packard BS1A/B855A exhibits
superior characteristics; however, its frequency range is far greater
than required (10 mc to LOGe). Further, its cost is essentially three
times the nearest competitor; namely, the Singer zftatric SPA-3A. The
Singer Metric was choosen on the basis of adequate characteristics and
lower iprice.
| Appéndi?c K includes the suggested Test Plan for correlating

the specificﬁtion 'and hardware performance. DBriefly, test systems for
fneaming the following are included:

1. Short Term Stability

2. Long Term Stgbility

3. ?xfggxency Response

L. Phase Deviaticon

T. Incidental A. M.

6. Incidental Angle Modulation

7. Deviation linearity

+

-
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8.
9.

10.

12.
13.
k.
15.

Percent Fodulation

Phase Linearity

AYC Loop Sandwidth

AGT Loop Bandwidth

Spurious and Carrier Rejection
Static Phase Error

Filter Impulse Response

Frecuency Deviation

- 107 -
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Je Linoar /N Summer Noise Power Density Test Results

The S/N Summer Test Results outlined in section II,B of this

report are based on a¥erage signal power and average noise power

measm:en{ems. JPL recommended that further tests be made that yield

2 measure of the noise power density.

1, I ggduction

The original scope of work was expanded to include noise

power density tests as outlined in ‘table IX,

Noise 3 Per
Center Trecuency Total Koise BW Increment Spacing Increment
50 me +2me 200 kc 50 ke
5C me + 100 ke 20 ke 5 ke
50 me + 10 ke 2 ke 500 cps
Table 1X,  Specified N.oise Power Density Data
Further, the noise power density specification required that .

the noise power donsity shall be constant within + 0.05 DB over the

'~ + 2 nc bandwidth as outlined in table IX. A simplified block diagram
of the system intended to measure the spectral density is shown in
figure 49,

The system of figure L9 is described brdefly as follows: The
band limited noise (centered on 50 me) was down coniwerted by the rultiplier
{phase det;ctror) such that the input ncise centered on 50 mc is referenced
to BC at. the ocutput. The down converted noise was filtered by a 3 pole
Butterworth lou pass filter to establish the nolse bandwidth in accordance
with column L of table IX.  The filtered noise provided the input te
the sample and hold circuit which in turn provided the input to the A/D

converter,

- 108 -
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Fipure 9., Simplified Magrar of
Test Cystan

Tre 4/D converter converted cach sample inpul ©2 ore o) 1024
»

)

levels (10 bit word) for processing in the ST5-230

RS vnlues were corputed by squaring the sampic values, cwoiing and
ividing by the total number of sanples and comruting ihe souare roct.
Theodncrerental spacirg of the selected roise boodwidih wos nchleved

ir arcordance with column 3 of table IX by chancirg e vhass debtector
reference frequency.

2. leasurenent Technigues

The nolse power density was specificd ar a congiant, withir

&

+ C,05 DE over a 4+ 2 mc bandwidth centercd at "0 me. Iogally, the

3
N
ki
3
&
]
.
o
3
o
b

reazurcrment system should be an order of magril.

the parvamcter to be measured. However,

rower test set was established as + O.0L LE (« 007 in woltase), a
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compromise between realism and the ideal. ;I'ha simplified systerm out-

lined in figure 49 was inadequate for the following reaswns. The

computer processes ‘absolute voltage samples of the noise from the

noise source; therefore, changes in gain or drift in DIC levels of any

of the components between the noise source and the A/D converter are

mm:ifa/st‘_ as changes in the noise source., The absolute accuracy of

u}e syster shown ir figure 49 proved inadequate. Therefore, the sysiem .
was modified to include the details outlined in figure 50.

The operafion of the syster shown irn figure 50 is outlined bricfly
as follows: Iniﬁially, the noise scurce ocutput was split in a hybrid
and ‘a portion of the noise powcr measured on the Weinschel Dual Channel
Sys’gem. The remaining hybrid noise output was processed as outlin:d
sarlier and measured on the S5DS-910 computer. Adjacent in t.'ime‘ the

noise source input %o the hybrid was disconnected and a C.V. signal

. injected at an additional hybrid port at a suitable frequency diffcrence

from the phase detector reference. The C.W. signal was also simultanecusly

‘moasured on the Weinschel Dusl channel and the SDS 910 comp ter. The
runs were made in pairs whereby the C.Y. data was used to calibratlc

the system for the noise measurement, The RS values calculated by

the camputer were used to establish an equivalent system gain from

the hybrid (summing point) to the A/D converter. System gain changes
and drifts are common to both the noise measurenent and CYf refercnce
measuraiment. Assuming the system drift rate is such that conditlons
are essentially the same during adjacent time measurement of ncise and
CW reference, (a valid assumption) the noise power density was coriputed

from the following relationships:

¥
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IR

noise & CW Reference Power
Heasured on Veinschel Dual
Chamnel

B'S Values Feasured on
SBS 910 Computer

Yreset [leference lLevel
(A Computer Constant)

Equivalent systcm neise gain
fram hybtrid summing point
to A/D converter

Equivalent system CW gain
from hybrid suming point
to 4/D converter

The followirg equations are evident
»

60236%0:5&) T Ro Lo(zw(%ﬁ) - TLos

C’DB(C w REFeRENCE) = 20 L0 (:,0(%)

Ave = éDB(Mo:S:‘) - CI’DE(cLu} = lokoG (ZNoB)+ K

G W Helero o)

N = loise Power Density in the vicinity of the phase detzctor

rcference

B = Low Pass Filter Bandwidth

K = Correction for differences of attenuation, input leve.-
and reference levels between neoice and CW.
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3. Conclusicns
Figure 51 indicates the test results of the noise power measuroments

of 50 KC noise bandwidth taken over a refercnce freq ency ranpe cof

50.0 + 2 mc in steps of 200 XC. The plot is adjusted to cancel the
frequency response sifpe atlmbtiied to the roise amplificr, noise )
filter combination. The latter was measured at nominal noise arplifier
AGC voltage to an accuracy of + 0.01 DB with the Vieinuchel Dual Channel
System. It was decided to neasure the noisé power deviations from this
curve rathor than retune the noise amplifior or niise 7ilter. The noise
measurcments from 50,0 me to LE8,0 mc were taken in descending crirr

©of freguency over a 5 day period. 7o unusual results were noticéd
until the phase detecter raeference {requency was retuned tc 70,2 re to
take measurements with ascending frequency., It was suspected that tﬁ;s
result was too low. This was confirmed by rcepeating the 5C.C »c measure-
nents which ylelded 2 groups close together but .03 3 lower than the
original readings. The 50.0 mc measurement was retaken the next day and
found to be 0.65 DB below the original pair taken a weck carlier. The
drift in the 50 mc reading was thereby confirmed and must be talen as
evidence that some uncontrolled variabie was causing sipnificant changes
in the measuring eguipment or the noise power dens.ty =t the summer
torminals. It was decided not to stop the tests to sesrch for the cause
of the variation as past experience has shown that this could consume

a gfeat deal of time. The othrr sets of measurcments consistgd of

11 points instead of 21; therefore, it was felt that a set could be
completed in 2 days and repetition of one point would serve tc'ie the
results toegth r., Thercfore, the 50 KC noise ‘andwidih results are

shown in figure 51 with the results adjusted for apreerent at the %0.0 me
point and cor-eccted for the frequency response of the ncise ampli®ier neise

filter. As shown all points lie within the range of + 0.0¢ D3, - 113 -
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Figure 52 indicates the test resulis of the noisc pouc‘r mcasurenents
of 5KC noisec banawidth over the freguency rarge 50.G * 0,10 me in PGHG
steps. A total of 14 proups of measurements was made in a period «f
3 days. The measurercnt at S0.04 me was taken 3 times, once each day,
however no significant drift was evident. Thereforc, the mean noise/C
gain differences A are plotted ?nyﬁ fizure  B2without adjustment,

* The overall mean is 13.502 Di:} and linmit lines of + .05 DB aboul the
rean as stowm in figure 52, allowing a tilt of +0.010 D3 from L9.90 nc

to 50.01 me for the noise amplifier frequency res onse. All measured

points are within the + 0,05 DB limit,

Figufe S3 indicates the test results of the noise pouer measure-
ments of 500 éps noise bandwidth taken over a reference froguency rangé
of 50.0 # 10 KC in 2 KC steps. The first day, steps werc takea from F0.0 me
down to L5.990 mc. The second day the rance from 50.002 mc to 50.010 mc
was covered and L9.59€ mc repeated. £ difference’ of 0.07 D3 betueen ’thz'
means for the two days was observed which is almost four times the pooled
standard deviation and definitely indicated drift. The drift was atiributed
to the increased drive level to the vhase detector required to maintain
a suitgble noise voltage fram the 500 cps bandwidih noise filter. Turther,
5C mc leakage fram the phase detector reference source was suspect ac a
contributor to drift. The latter drift source was concelled botween

readings. OCn a third day four points were taken across the 20 i range.

These measurements were taken at reduced noise input level for greater

gain stability. The results indicated small differences betueon poinis.,
The data of figurce 53-shcws the earlier sets adjusted to agree at L2.9%0 re
with the four later points surorimnosed to give the same mean value. There
is no appreciable tilt for the noise amplifier/filter frequency resionse

over this range. As shown all points are within the + (.05 [B limit lines.
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He MBCHANICAL PLAN R-F TEST CONSOLE

, The R-F Test Console will be packaged in four 19 inch cabinet
éucu, located side by side, The proposaed arrangemsnt is showm in
figare 5L -,
ml’ cabimats will have welded corners and the seams and openings
will be suitably gasketed and shielded to provide maximm r.f.i. attenua-
_ tion consistant with the state-af-the-art and the limitations imposed
by the .mcul units ZM a part of the asssmbly. Doors will bde
provided on the rear for acoess to the interior and on the front to
further aid in the r.f.i. attenuation, A retractable work surface and
8 utility drawer will be provided in the transmitter cabinst. The work
surface will be at desk height, The equipment will be painted in a
mnner to be defined by the oognisant JPL engineer,
Modular construction will be used in the self-manufactursd chassis

such as the transmitter and receivera. The packaging concept is il-
lustrated in figures S° and: 50, BRach circuit module will be composed
of an 8% x L™ alumirum plate on which a Micarts board is mounted.

The Micarta board will carry the cirpuit componsnts and a connsctor,

The component layout will be similar to a printed circuit board, howsver,
point-toepoint intercomnscting wiring will be used. The alumimm

plate will provide an r-f shield for the circuit when the modules are
inserted into a rack in a card file arrangement, It is proposed to
assemble the boards in a double row arrangesent in a aslide-out drawer.
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Each board will be plugged-into the drawer the same as & printed circuit
board, Each plate will have a flange at ths top, containing the test
points and coaxial comnectors,

The following list identifies the modularisged chassis and indicates
the quantity of modules. In addition to the modules, other required
components and sub-assemblies (auchvas & phase detector in the rsceivers)

will be mounted within the chassis,

1. Syntheaizer . 21 modules
-2, Phase Noise Instrumentation g n
3. F4/PM Transmitter 10
L. PM Receiver 3% 0
5. FM Receiver : 13

A gasketed cover plate will be used on both the top and the bottiom
of each drawer to provide r.f.i. sealing. BExternsl coaxial connectors
and controls will be brought out to the front panel of the drawer. All |
other exterral wiring will terminate in a connector at the rear of the
drawer, whish will mate with a connector af the cabinet wiring. Ab
cable retractor will be used with each drawer to prevent tangling or
kinking the cable when opening or closing the drawer.

A vertiocal cable trough, such as "Panduit” or "Panel Channel”
will be'providaed in each calinet to carry the intra-cabinet wiring,
Inter-cabinet and external wiring will be carried in conduit at the
top of the cabinets.

Cooling air will be provided by blowers located at the bottom
of the cabinsts. The air intake will be at the bottom of the front
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